Whether lean body mass (LBM) composition, especially skeletal muscle and abdominal organs, differs in adults with type 2 diabetes (T2DM) compared with nondiabetic healthy controls has not been investigated. A subset of African-American and Caucasian participants with T2DM from the Look AHEAD (Action for Health in Diabetes) trial had body composition assessed and compared with a sample of healthy controls. Skeletal muscle mass (SMM), liver, kidneys, and spleen mass were quantified using a contiguous slice magnetic resonance imaging (MRI) protocol. Cardiac mass was quantified by either a cardiac gated MRI protocol or by echocardiography. MRI volumes were converted to mass using assumed densities. Dual-energy X-ray absorptiometry assessed LBM. Using general linear models adjusted for height, weight, sex, age, race, and interactions of diabetes status with race or sex, persons with T2DM (n ϭ 95) had less LBM (49.7 vs. 51.6 kg) and SMM (24.1 vs. 25.4 kg) and larger kidneys (0.40 vs. 0.36 kg) than controls (n ϭ 76) (all P Ͻ 0.01). Caucasians with T2DM had larger livers (1.90 vs. 1.60 kg, P Ͻ 0.0001) and spleens (0.29 vs. 0.22 kg, P Ͻ 0.01), and T2DM men had less cardiac mass than controls (0.25 vs. 0.30 kg, P Ͻ 0.001). In this sample, T2DM is characterized by less relative skeletal muscle and cardiac mass in conjunction with larger kidneys, liver, and spleen. Further investigation is needed to establish the causes and metabolic consequences of these race-and sex-specific organ mass differences in T2DM. African American; Caucasian; magnetic resonance imaging; kidneys; liver; spleen THE CHARACTERIZATION OF BODY composition in persons with type 2 diabetes mellitus (T2DM) has been largely limited to fat distribution and its effects on metabolic disease (2, 3, 23, 24, 40, (43) (44) (45) . Because skeletal muscle mass is the major site of glucose disposal and insulin uptake (52), it is of clinical importance to know whether this metabolically important tissue, which constitutes ϳ75% of total body lean mass in healthy adults (46), is preserved in persons with T2DM. Longitudinal data in older adults indicate that the age-associated reduction in thigh cross-sectional area and appendicular lean mass is accelerated in women with T2DM compared with healthy controls, but this difference was not found in men (35). Another possible contributor to the apparent differences in the quantity of lean tissue mass lost in individuals with T2DM may be the effect of race. Recent evidence links the established energy expenditure differences between African Americans and Caucasians (18, 29) to discrepancies in high-metabolic-rate organ masses such as liver, kidneys, heart, spleen, and brain (15). Whether these sex-and race-dependent effects on skeletal muscle or organ mass affect lean tissue preservation in persons with diabetes, a disease state that directly affects protein metabolism (19, 37) and may influence the relative size of lean tissues and organs, is still unknown.
THE CHARACTERIZATION OF BODY composition in persons with type 2 diabetes mellitus (T2DM) has been largely limited to fat distribution and its effects on metabolic disease (2, 3, 23, 24, 40, (43) (44) (45) . Because skeletal muscle mass is the major site of glucose disposal and insulin uptake (52) , it is of clinical importance to know whether this metabolically important tissue, which constitutes ϳ75% of total body lean mass in healthy adults (46) , is preserved in persons with T2DM. Longitudinal data in older adults indicate that the age-associated reduction in thigh cross-sectional area and appendicular lean mass is accelerated in women with T2DM compared with healthy controls, but this difference was not found in men (35) . Another possible contributor to the apparent differences in the quantity of lean tissue mass lost in individuals with T2DM may be the effect of race. Recent evidence links the established energy expenditure differences between African Americans and Caucasians (18, 29) to discrepancies in high-metabolic-rate organ masses such as liver, kidneys, heart, spleen, and brain (15) . Whether these sex-and race-dependent effects on skeletal muscle or organ mass affect lean tissue preservation in persons with diabetes, a disease state that directly affects protein metabolism (19, 37) and may influence the relative size of lean tissues and organs, is still unknown.
The primary aim of this study was to assess lean body mass (LBM), skeletal muscle mass, and the mass of specific highmetabolic-rate organs (liver, kidneys, spleen, and heart) in a biracial sample of men and women with T2DM and compare them with nondiabetic controls. A secondary aim was to determine whether the differences in tissue and organ masses between T2DM and controls are race and sex dependent.
MATERIALS AND METHODS

Type 2 diabetes. Look AHEAD (Action for Health in Diabetes)
Trial participants at New York and Pittsburgh sites were invited to enroll in an ancillary body composition study before any intervention commenced. Methods and design for the clinical trial investigating weight loss for the prevention of cardiovascular disease in T2DM have been described previously (39) , as well as the baseline characteristics and description of the randomized cohort (49) . Participants in the current ancillary study, like the remainder of the Look AHEAD cohort of 5,145 at baseline, were overweight and obese [body mass index (BMI) Ն25 kg/m 2 ] adults 45-76 yr of age and were clinically diagnosed with T2DM (49) . Glycosylated hemoglobin (A1c), resting blood pressures, medications, and other anthropometric data were collected according to methods previously published by the Look AHEAD research group (39) . Preintervention data from white and African-American participants were compared with nondiabetic controls in this analysis.
Nondiabetic controls. A convenience sample of white and AfricanAmerican subjects was compiled from the investigators' archived databases, including ambulatory nonsmoking subjects 18 -88 yr of age who were free from medical conditions (diabetes mellitus, malignancies, or catabolic disease) or metabolic characteristics (abnormal thyroid or cortisol levels) that could affect body composition. Subjects had been recruited into various studies from the greater New York City area through newspaper and radio advertisements and posted flyers. All were weight stable (Ͻ2 kg change within past 6 mo) and did not regularly engage in vigorous exercise. A BMI ceiling of 38 kg/m 2 was set to accommodate magnetic resonance image (MRI) scanner limitations. All studies were approved by the Institutional Review Board of St. Luke's-Roosevelt Hospital or the University of Pittsburgh (as appropriate), and each subject gave written consent before data were collected. Body composition measures. Body weight was measured to the nearest 0.1 kg using a scale (Weight Tronix, New York, NY) and height to the nearest 0.5 cm using a stadiometer (Holtain; Crosswell, Wales). Total body fat and fat-free mass (FFM) (body weight minus total body fat) were measured with a whole body Dual-energy X-ray absorptiometry (DXA) scanner (GE Lunar, Madison, WI), DPX (software 3.6Y), or DPXL (software 4.7E). The between-measurement technical errors for total body fat and FFM in the same subject are 3.4 and 1.2%, respectively (17) . LBM was calculated as FFM minus bone mineral. The daily quality control and calibration measures practiced in the DXA laboratory have been previously described (47) .
A whole body MRI protocol using an axial T1-weighted spin echo sequence with 10 mm thickness, 40 mm interslice gap, and a 40 ϫ 40 cm 2 field of view was used to quantify skeletal muscle mass. Organ mass measurement. Liver, kidneys, and spleen volumes were also measured by MRI using an axial T1-weighted spin echo sequence with 5 mm slice thickness and no interslice gap throughout the abdominal region using acquisition and segmentation analysis techniques that have been described previously (15, 16) . The volume of the left ventricle was measured by cardiac-gated MRI in all T2DM subjects and in a majority of the controls (n ϭ 51; 16 men, 35 women). Echocardiographic assessment of left ventricle mass (LVM) was used for controls before 2001 (n ϭ 25; 8 men, 17 women). Detailed explanations of both methods have been described previously (10, 15, 16, 41) . The gated MRI protocol consisted of 8 -12 contiguous short-axis image locations along the short axis of the left ventricle, using the electrocardiographic R wave to determine the image that represented end diastole for volume analysis. A single radiologist, blind to the hypothesis, analyzed all cases. In a series of 10 normal subjects, the mean intraobserver variability for estimating LVM was 5.13 Ϯ 2.9% (22) . LVM was multiplied by 1.5 to reflect total cardiac mass (21 (46) ], MRI volumes were converted to masses. In our laboratory, six complete MRI scans of liver, kidneys, and spleen were read by two independent analysts, resulting in between-analyst coefficients of variation that were 3.5, 0.9, and 4.3%, respectively. Four independent analysts read three whole body MRI scans for skeletal muscle between 2 and 10 times each, with a coefficient of variation of 2.1%.
Statistical analysis. Descriptive subject data are expressed as means Ϯ SD. General linear models were used for all tests of group differences and interactions. Comparisons of organ masses between groups were adjusted for height, weight, age, sex, and race. A test for interaction between diabetes status and race or sex was also conducted within each model, and all significant interactions found were presented accordingly; for example, a group-by-race interaction necessitated presentation of diabetes group means separately for Caucasians and African Americans. Quadratic and cubic terms were included in the models to check linearity of the relationships. A Pearson correlation was used to determine the relationship between cardiac mass and BMI in men and women. Data were analyzed using SAS software 9.2 (SAS, Cary, NC), and P Ͻ 0.05 was considered to be statistically significant.
RESULTS
Group characteristics and body composition.
Characteristics of the T2DM and control groups are listed in Table 1 . Group means were not different with regards to age, height, or sex and race distribution. The T2DM group had significantly higher body mass than controls (P Ͻ 0.0001). None of the controls was taking prescribed medications, whereas a majority of the 45 26 39 Values are unadjusted group means (SD); n, no. of subjects. DXA, dual-energy X-ray absorptiometry; LBM, lean body mass (body wt Ϫ fat and bone mass) by DXA; a Tissue/organ masses were derived from magnetic resonance image (MRI) volumes; b left ventricular mass was derived from echocardiogram (Echo). *Unadjusted mean significantly greater than comparison group (P Ͻ 0.05); †Unadjusted mean significantly greater than race-specific comparison group (P Ͻ 0.05).
T2DM group was being treated for diabetes and hypertension, and over one-third was taking lipid-lowering medications.
LBM: Skeletal muscle and organ masses. After adjusting for differences in height, weight, age, sex, and race, LBM by DXA was 1.5 kg (3%) lower in the T2DM group than controls (P Ͻ 0.05). The MRI-measured skeletal muscle, which is a subcomponent of LBM, was 1.1 kg (4%) lower in T2DM compared with controls (P Ͻ 0.05). Adjusted kidney mass was 44 g (12%) larger in T2DM subjects compared with controls (P Ͻ 0.001). No group-by-race or group-by-sex interactions were found in the differences between groups for LBM, skeletal muscle, or kidneys. Adjusted mean values for these tissues are presented in Fig. 1 .
A significant group-by-race interaction was found for liver mass such that T2DM Caucasians, but not African Americans, had 300 g (19%) more liver mass than nondiabetic controls (P Ͻ 0.0001). We looked for relationships between A1c levels and lean mass variables within the diabetes group. After control for age, sex, race, and body weight, A1c was positively correlated with liver size, but associations with A1c did not reach significance for any of the other lean mass variables investigated in this study. A significant group-by-race interaction (P Ͻ 0.01) revealed a 73-g (33%) greater spleen mass in T2DM Caucasians (P ϭ 0.008), whereas no differences were found among African Americans. The adjusted mean values for liver and spleen by race are presented in Fig. 2 .
A group-by-sex interaction was found for cardiac mass such that men with T2DM had 45-g (15%) smaller hearts than their nondiabetic counterparts (P ϭ 0.005), whereas no group differences were observed in women. This relationship remained when the same model was performed using only subjects with MRI-measured hearts [n ϭ 144, T2DM men had 48 g less cardiac mass than controls (P Ͻ 0.08) and did not differ (p Ͼ 0.83) in women]. Heart size was significantly correlated with BMI in women (r ϭ 0.54, P Ͻ 0.0001) but not in men. Medications used for hypertension and systolic and diastolic blood pressures did not significantly affect the difference in cardiac mass between diabetes and control groups. The withingroup (T2DM vs. control) adjusted mean values for cardiac mass by sex are presented in Fig. 3 .
DISCUSSION
This study is the first to report in vivo measurements of total body skeletal muscle and abdominal organs (liver, kidneys, spleen, and heart) when comparing body composition differences between adults with T2DM and healthy controls. Primary findings of the study are that, compared with healthy controls after adjusting for relevant confounding variables, adults with T2DM had less LBM and less skeletal muscle mass; however, kidneys, liver, and spleen masses were larger. Larger liver and spleen masses were only found in Caucasians with T2DM, not African Americans, and males with T2DM had smaller hearts compared with male controls. These observations suggest a specific relationship between the relative size of these organs and the diabetic state. They also reveal sex-and race-specific differences in relative organ sizes that may have metabolic consequences and thus warrant further investigation. The lipodystrophy of diabetes is well documented, along with the observation that muscle quality and physical function decline in subjects with diabetes vs. age-matched controls (1, 31, 36) . Muscle atrophy in diabetes is not as well described in the literature, however. The Health ABC study demonstrated an accelerated loss of muscle mass over six years in older women with diabetes but observed no effect of diabetes status in men despite a relatively rapid muscle loss over the same time period compared with women (35) . A much smaller study of dialysis patients with or without diabetes reported significantly less skeletal muscle in patients with diabetes, but these differences were lost when controlling for age and sex (42) . The current study confirms the notion that muscle mass is lower in T2DM, but, unlike these previous studies, the influence of sex did not ameliorate the relationship between diabetes status and less total body muscle or LBM. Subjects with diabetes had less lean and skeletal muscle tissue after controlling for the influence of height, weight, age, sex, or race, suggesting that T2DM may accelerate skeletal muscle atrophy in both men and women. Studies have shown that patients with diabetes do not differ from controls in their ability to improve muscle mass through aerobic (27) or resistance (13, 25) exercise, and these intervention strategies are also extremely beneficial in diabetes management (8) . The present study's observation that patients with diabetes have less skeletal muscle compared with controls, coupled with recent evidence that subsequent lifestyle and exercise intervention effectively slow the decline in mobility within these Look AHEAD participants after four years (38) , underscores the importance of exercise as a means of maintaining muscle and avoiding disability in patients with diabetes.
The masses of other high-metabolic-rate organs such as kidneys, liver, and spleen were significantly greater in diabetic subjects. A previous report of increased glomerular filtration rate and kidney size (as measured by cross-sectional area) after six years of diabetes (51) agrees with the current observation that kidney mass is greater in T2DM regardless of sex or race.
It is also logical that subjects with diabetes had significantly larger livers than controls in this study, since hepatic steatosis is a common characteristic of diabetes (7) and results in hepatomegaly (9) . Indeed, a fatty liver is associated with the metabolic syndrome, with insulin resistance being a prominent feature, regardless of BMI (26) . Our observation that liver size was positively correlated with A1c levels within the diabetes group confirms the notion that an enlarged and fatty liver is associated with poor glucose control (48) and hemorheological abnormalities (12) .
Why spleens would be enlarged in Caucasians with diabetes, however, and similarly, why African Americans with diabetes did not have larger livers than their nondiabetic controls is less intuitive. Recent studies using liver attenuation by computed tomography as a measure of fatty liver disease did not find differences in hepatic lipid concentrations after control for BMI when comparing various racial groups (32, 33) , which suggests that racial differences in liver size observed in our study may not be simply explained by liver fat accumulation. Another study of racial differences in organ size and metabolic rate between Caucasians and African Americans demonstrated that the total mass of high-metabolic-rate organs (sum of liver, heart, spleen, kidneys, and brain) was significantly less in African Americans after statistical adjustment for fat mass, FFM, sex, and age (15) . When this race-dependent difference in organ mass was considered in a model predicting resting energy expenditure, it rendered the racial differences in energy expenditure statistically nonsignificant (15) . Our observed diabetes-dependent difference in liver and spleen mass in Caucasians that was not present in African Americans may influence total energy expenditure. Unfortunately, we were not able to assess metabolic rate in this study and cannot imply the direction of these potential differences in energy expenditure.
The observation that men with diabetes had a mean adjusted cardiac mass that was smaller than controls is not consistent with a majority of the available literature. Significant positive associations between T2DM and echo-measured left ventricular wall thickness have been established in large cross-sectional (11, 20, 34) and longitudinal studies (28) , perhaps explained by the strong association between diabetes and hypertension. Resting systolic and diastolic blood pressure and/or use of hypertension medications in the model did not explain the difference in heart size between T2DM men and controls in the current study. To investigate whether our use of mixed methodology (either MRI or echocardiography) in controls might explain between-group differences in measured heart size, we ran the model again in only subjects with MRI-measured hearts (which included all with T2DM and a majority of controls) and saw a similar reduction of cardiac mass in T2DM males, trending toward significance, and no difference in women. Interestingly, a sex-specific difference in cardiac muscle mass is consistent with the more careful kinetic studies of protein synthesis and catabolism. One such study by Pereira et al. (37) indicated that, in men with diabetes, fasting levels of insulin were associated with a blunted rate of protein synthesis while catabolic rates remained unchanged. This kinetic imbalance toward atrophy was not seen in women with diabetes compared with controls (37) . A sex-dependent impairment of protein metabolism in the insulin-resistant state is a possible mechanistic explanation for the differences in cardiac mass observed in the current study. The notion that diabetes impairs protein kinetics (30) , and that insulin may alter protein synthesis in a tissue-specific manner (6), also agrees with our observed reductions in muscle mass in T2DM and underscores the need for further mechanistic studies in this intriguing field of study. The findings of this study contribute to current understanding of body composition and specifically the mass of highmetabolic-rate organs in persons with diabetes. The racespecific outcomes are also novel, adding a depth of body composition assessment that extends to organ-specific mass and may aid in understanding the unique metabolic profile of diabetes in both Caucasian and African-American subjects. Whether these race-dependent differences in organ mass within diabetic subjects have direct metabolic or clinical implications requires further exploration.
A primary limitation of this cross-sectional study is that body weight and fat mass were significantly lower in the control group compared with T2DM subjects. It is possible that mathematically adjusting for the difference in body size or fat mass between T2DM and controls may not entirely or correctly compensate for differences in organ and tissue masses. The ideal comparison group for this analysis would be metabolically healthy obese subjects with similar fat mass; however, this study provides the best available answers to the question of how the diabetic condition affects lean and organ tissue masses by comparison with healthy controls. Using regression modeling, we statistically adjusted for body weight, height, age, and sex differences, confirmed that skeletal muscle increases linearly with increasing body weight and fat mass across a healthy sample in this BMI range, and still found significant diabetesrelated lean tissue and organ mass differences compared with healthy controls. As a convenience sample with data collected over a range of time, another limitation of our control group was that heart masses were quantified by either echocardiography or MRI; however, measurement method did not appear to influence between-group differences. Although the comparison groups were similar with regards to race, sex, and age, both contained a relatively small sample of African-American men. The novel body composition differences elucidated in this study, while appearing to support known race-and diabetes-related differences in resting energy expenditure, need to be accompanied by measurements that would link the differences in organ mass to the known metabolic rate variance between races and diabetes groups. Also, conversion from MRI volume to mass was calculated using assumed organ/tissue density values developed from reference man (46) ; it is unknown whether these tissue densities apply across races and to the diabetic state. Future studies should extend beyond mass measurements to include tissue density and fatty infiltration of organs to answer important questions of how organ mass and composition affect metabolism in diabetes. A final limitation of this study is that daily physical activity was not assessed across all groups and could not be used in the statistical models. Physical conditioning is likely to have differed between groups and may explain some of the variance observed, particularly in skeletal muscle mass.
Diabetes is a metabolic condition associated with significant changes in body composition. The overall decrease in LBM and its primary constituent, skeletal muscle, appears to be slightly offset by increases in some of the higher-metabolicrate organs. Although some of the differences in organ size in the diabetic state appear uniformly across sex and race, the characterization of these specific groups allows for identification of unique attributes that may lead to improved therapeutic treatment for diabetes.
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